A frictionless cart in the shape of a right triangle (with the vertical side forward) is elastically impacted by vertically falling raindrops. The speed of the cart as a function of time can be analytically deduced as an exercise in the use of trigonometric and hyperbolic functions. A characteristic time defines the approach to a terminal speed which is a sizeable fraction of the speed of the rain. The treatment is accessible to a student in a calculus-based mechanics course.
(Some figures may appear in colour only in the online journal)
A familiar problem treats how wet a person walking in rain becomes as they travel a given horizontal distance at different speeds [1] [2] [3] . As a variation on this scenario, consider a triangular cart that can roll along a horizontal surface under the impulse of raindrops (or hail) falling vertically at terminal speed u that bounce elastically [4, 5] off the cart's two surfaces sketched in figure 1. Its front vertical surface has area A, whereas its trailing surface has area B and is inclined at angle θ to the horizontal so that
Rolling friction [6] and air drag are neglected. The cart starts from rest so that u = ( ) 0 0. To calculate the force that the rain exerts on the two surfaces, jump into the frame of reference of the cart [7] . The rain, of volumetric mass density ρ which is some fraction of 1000 kg m , is then moving downward at speed u and rightward at speed υ from the point of view of the cart. The component of the rain's velocity normal to the front surface is υ so that the force it exerts on that surface is
where the minus sign indicates this force is backward relative to the direction of travel of the cart, the contents of the first set of parentheses are the rate at which mass hits the front surface, and the contents of the second set are the velocity change of the raindrops. The factor of 2 arises from the fact that the collisions are elastic rather than inelastic [8] . In like fashion, the normal component of the force on the sloped portion of the cart's surface is
where the component of the rain's velocity perpendicular to the back surface of area B in the cart's frame of reference is
according to figure 2. The horizontal component of this force is thus
which is the force pushing the cart forward. Substituting equation (1) into (5) and adding that to equation (2) gives the net force on the cart. Thus if the cart has mass M, Newton's second law becomes 
To do this integral, change variable from V to x where 2.1 m s 1 (corresponding to 7.5 km h −1 ), powered by the renewable energy of rain [10, 11] .
